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MANUFACTURING A SCREEN HAVING A HYDROPHOBIC 42
SIDE AND A HYDROPHILIC SIDE
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DETECTING LIQUID INTHE ACOUSTIC CHAMBER 4

INDUCING THE LIQUIC TC MOVE TOWARD THE HYDROPHILIC SIDE OF THE SCREEN ®

FIG. 7
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HYDROPHOBIC MESH COVER

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. Non-
Provisional application Ser. No. 14/474,435, filed Sep. 2,
2014; which claims the benefit of U.S. provisional patent
application No. 62/040,618, filed Aug. 22, 2014; the disclo-
sures of which are hereby incorporated herein by reference
in their entirety.

TECHNICAL FIELD

[0002] This disclosure relates generally to acoustic mod-
ules, and more specifically to prevention of liquid from
entering an acoustic cavity of an acoustic module and
facilitating removal of any liquid that does so enter. In still
greater particularity, the disclosure relates to a mesh screen
with two surfaces, one to inhibit entry of liquid into the
acoustic module and another layer to facilitate the removal
of any liquid that does pass through the first layer and enters
into the acoustic module.

BACKGROUND OF THE INVENTION

[0003] An acoustic module integrated into a device can be
used to transmit or receive acoustic signals. In a typical
device, the acoustic signals are transmitted to or received
from a surrounding medium (e.g., air). To facilitate com-
munication with the surrounding medium, the acoustic mod-
ule may be at least partially exposed to the environment
surrounding the device via one or more orifices or openings
that permit sound waves to both enter and exit the acoustic
module.

[0004] Insome cases, an acoustic module may include one
or more components that are disposed within a cavity or
chamber to help protect the components from the external
environment. In some cases, the components may be acous-
tically coupled to the cavity to produce a particular acoustic
response. Typically, at least some portion of the cavity or
chamber is exposed to the external environment to allow
acoustic signals to be transmitted to or received from the
surrounding medium. However, because the cavity or cham-
ber is exposed to the external environment, liquid or mois-
ture may accumulate or become trapped in the cavity or
chamber, which may impair the performance of the acoustic
module.

[0005] Thus, it is generally desirable to prevent the ingress
of moisture into an acoustic module. However, in some
cases, the complete prevention of liquid ingress is not
possible or practical. Thus, there may be a need for a system
and technique for facilitating the evacuation or removal of
moisture that has entered or accumulated in an acoustic
module. It would be particularly useful to have a device that
acts to both inhibit entry of liquid into the acoustic module
and to facilitate the removal of any liquid that does pass
through the device and enters into the acoustic module
chamber.

BRIEF SUMMARY OF THE INVENTION

[0006] The embodiments described herein are directed to
an acoustic module that includes a screen cover portion
which is configured to both inhibit entry of liquid into the
acoustic module chamber and to facilitate the removal of
any liquid that does enter into the acoustic module chamber.
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In one example embodiment, the acoustic module includes
a mesh cover that is configured to be hydrophobic on an
external surface, thereby repelling liquid from outside the
acoustic module, and hydrophilic on an interior surface,e
thereby facilitating the removal of liquid that has entered the
acoustic module chamber. In some embodiments, the acous-
tic module is incorporated into a portable electronic device.
[0007] In one embodiment, the acoustic module includes
a two layer mesh screen to cover the opening of the acoustic
module associated with the exterior of the portable elec-
tronic device. In some embodiments, the acoustic module
chamber is a speaker element. In some other embodiments,
the acoustic element is a microphone element. In one
example embodiment, the speaker element or the micro-
phone element is configured to generate an acoustic pulse
that facilitates movement of the liquid within the acoustic
module chamber in combination with the mesh cover.
[0008] The present disclosure includes systems, tech-
niques, and apparatuses for inhibiting the entry of liquid
into, and expelling liquid from, a cavity of an acoustic
module through an orifice or opening of the module. In one
example, the hydrophobicity of the screen which covers the
entry port into the acoustic chamber from outside the
portable electronic device is varied to inhibit moisture into,
and facilitate the removal of moisture from, the acoustic
module. Additionally, the acoustic module, which may
include a speaker mechanism, may be configured to produce
acoustic waves that also facilitate expulsion of liquid from
the acoustic module.

[0009] Additionally, in some cases, an acoustic sensor
(e.g., a microphone) may be used to detect the presence of
liquid or quantify the amount of liquid in the acoustic cavity.
For example, an acoustic module may generate a calibrated
tone or stimulus that results in an acoustic signal that is
received by the acoustic sensor. The presence of liquid
and/or the amount of liquid may be determined based on the
acoustic signal received by the acoustic sensor. In some
cases, additional liquid expulsion operations may be per-
formed in response to this determination.

[0010] One sample embodiment may take the form of a
semi-permeable barrier material for an acoustic module, said
module including a port adjacent an external environment
and an acoustic chamber, the material comprising: a first side
facing said external environment and exhibiting a hydro-
phobic characteristic; and a second side facing said acoustic
chamber and opposite the first side, and exhibiting a hydro-
philic characteristic; wherein the material is positioned
within the port.

[0011] Another sample embodiment takes the form of a
method for manufacturing a cover for an acoustic module,
comprising the operations of: providing a first mesh material
having a first size mesh opening; providing a second mesh
material having a second size mesh opening smaller than
said first size mesh opening; and laminating said first mesh
material and said second mesh material to form said cover.
[0012] Still another embodiment may take the form of a
method for removing liquid from an acoustic chamber
comprising the operations of: placing a screen portion
having a hydrophobic side and a hydrophilic side in a port
of said acoustic chamber; positioning said hydrophobic side
adjacent the an exterior environment outside said acoustic
chamber; positioning said hydrophilic side adjacent an inte-
rior portion of said acoustic chamber; detecting the presence
of liquid in said interior portion; and inducing said liquid to
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move to said hydrophilic side; whereby said liquid moves
from said hydrophilic side to said hydrophobic side by
capillary action.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 depicts an electronic device having at least
one acoustic module;

[0014] FIG. 2 depicts a block diagram of example func-
tional components of an electronic device having at least one
acoustic module.

[0015] FIG. 3 depicts a cross-sectional view of an example
acoustic module taken along section A-A of FIG. 1;
[0016] FIG. 4 depicts a cross-sectional view of one
embodiment of an acoustic module taken along section A-A
of FIG. 1;

[0017] FIG. 5 depicts a perspective view of a two layer
mesh screen;
[0018] FIG. 6 depicts a mesh screen coated in accordance

with one embodiment;

[0019] FIG. 7 is a flow chart depicting a process for
removing liquid from an acoustic chamber;

[0020] FIG. 8 is a flow chart of one method for manufac-
turing a cover for an acoustic chamber; and

[0021] FIG. 9 is a flow chart of an alternate method for
manufacturing a cover for an acoustic chamber.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] The description that follows includes embodiments
of systems and processes that embody various elements of
the present disclosure. Reference will now be made in detail
to representative embodiments illustrated in the accompa-
nying drawings and in particular with reference to FIGS.
1-9. It should be understood that the following descriptions
are not intended to limit the embodiments to one preferred
embodiment. To the contrary, it is intended to cover alter-
natives, modifications, and equivalents as can be included
within the spirit and scope of the described embodiments as
defined by the appended claims. Those skilled in the art will
readily appreciate that the detailed description given herein
with respect to these figures is for explanatory purposes only
and should not be construed as limiting as the described
disclosure may be practiced in a variety of forms in addition
to those described herein Like reference numerals denote
like structure throughout each of the various figures.

[0023] FIG. 1 depicts an example portable electronic
device 11 including an acoustic module 12 contained within
portable electronic device 11. In this example, portable
electronic device 11 is a mobile telephone, such as a smart
phone, although alternative embodiments may take the form
of any suitable electronic device including (but not limited
to) a tablet computing device, a portable computer, a media
player, a wearable computing device, a device for telling
time, a health-monitoring device, and so on. Certain
embodiments may include a display for depicting informa-
tion to a user; the display 13 may be touch-sensitive in some
embodiments and function to accept user input. In the
example embodiment shown in FIG. 1, portable electronic
device 11 also includes interface buttons 14 for providing
additional input to portable electronic device 11. Portable
electronic device 11 includes a housing 15 used to protect
the internal components of portable electronic device 11.
Housing 15 may be formed from a substantially rigid shell
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structure that serves as the mechanical support for various
components of portable electronic device 11, including
touch screen display 13, interface buttons 14, and one or
more acoustic modules 12.

[0024] As shown in FIG. 1, housing 15 includes a first
acoustic speaker port 16 that is coupled to acoustic module
12. In this example, acoustic module 12 is configured to
function as an earpiece or speaker for mobile telephone 11.
Housing 15 also includes a microphone port 17 extending
through the housing 15, coupled to a microphone acoustic
module 18. It should be appreciated that the speaker port 16
and/or microphone port 17 may be located on any suitable
surface of the electronic device and need not occupy a
particular area.

[0025] Acoustic modules 12 and 18 are coupled to respec-
tive acoustic ports 16 and 17. Acoustic modules 12 and 18
are configured to transmit and/or receive signals in response
to a command or control signal provided by a controller 19
as described in FIG. 2 below. In some cases, intermediate
circuitry may facilitate the electrical interface between the
controller 19 and the acoustic modules 12 and 18.

[0026] FIG. 2 depicts a schematic diagram of example
components of portable electronic device 11 that are located
within the housing 15, although many components are
omitted for purposes of simplicity and clarity. As shown in
FIG. 2, portable electronic device 11 may include one or
more controller units 19, one or more speaker acoustic
modules 12, and/or one or more microphone acoustic mod-
ules 18. In this example, the controller device 19 may
execute instructions and carry out operations associated with
portable electronic devices as are described herein. Using
instructions from device memory, controller 19 may regulate
the reception and manipulation of input and output data
between components of the electronic device 11. Controller
19 may be implemented in a computer chip or chips. Various
architectures can be used for controller 19 such as micro-
processors, application specific integrated circuits (ASICs)
and so forth. Controller 19, together with an operating
system, may execute computer code and manipulate data.
The operating system may be a well-known system such as
108, Windows, Unix or a special purpose operating system
or other systems as are known in the art. Controller device
19 may include memory capability to store the operating
system and data. Controller device 19 may also include
application software to implement various functions asso-
ciated with the portable electronic device. Portable elec-
tronic device 11 also may include a wireless transceiver 21
connected to controller 19.

[0027] Although FIG. 2 illustrates the portable electronic
device 11 as including particular components, this is pro-
vided only as an example. In various implementations, the
portable electronic device 11 may include additional com-
ponents beyond those shown and/or may not include some
components shown without departing from the scope of the
present disclosure. For example, portable electronic device
11 may include only one of a speaker acoustic module 12
and a microphone acoustic module 18. Alternatively, the
device may include additional acoustic modules or other
types of acoustic modules.

[0028] In the embodiment example described herein, the
portable electronic device 11 is a smart phone. However, it
is understood that portable electronic device 11 depicted in
FIG. 1 is simply one example and that other types of devices
may include one or more acoustic modules. Other types of
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devices include, without limitation, a laptop computer, a
desktop computer, a cellular phone, a media player, a
wearable device, a health-monitoring device, a tablet com-
puter, a mobile computer, a telephone, and/or other elec-
tronic device.

[0029] An example acoustic module is shown in FIG. 3,
depicting a cross-sectional view of speaker acoustic module
12 and speaker acoustic port 16 taken along section A-A of
FIG. 1. The cross-sectional view of FIG. 3 is not drawn to
scale and may omit some elements for clarity. Further, the
cross-sectional view may show a sample spatial relationship
between various components that may vary between
embodiments, and so is meant as an example only.

[0030] Speaker acoustic port 16 includes an opening 22
that facilitates the transmission of audible signals from
acoustic module 12 to an exterior environment, such as the
user’s ear. Orifice 22 extends through the housing 15 and
connects internal components of the acoustic module 12
with the external environment. In other examples, a single
acoustic port may include or be formed from multiple
orifices. As described in more detail with respect to FIG. 4,
speaker acoustic port 16 may also include a cover 24, which
may include a semi-permeable barrier such as screen mesh
or other protective element configured to inhibit ingress of
liquid or other foreign matter but allowing sound waves to
pass therethrough. In an alternate embodiment, housing 15
also includes a second acoustic port 17 that is coupled to a
microphone acoustic module 18 that is configured to func-
tion as a mouthpiece or microphone for the mobile tele-
phone. Microphone acoustic port 17 also includes one or
more openings or orifices to facilitate the transmission of
sound from the user to the microphone acoustic module 18,
which may also include a semi-permeable barrier such as
screen mesh or protective element to inhibit ingress of liquid
or other foreign matter as described with respect to speaker
acoustic port 16 in FIG. 3.

[0031] In one embodiment depicted in FIG. 3, acoustic
module 12 is a speaker module. As shown in FIG. 3, speaker
acoustic module 12 includes various components for pro-
ducing and transmitting sound, including a diaphragm 25, a
voice coil 26, a center magnet 27, and side magnets/coils 28.
In a typical implementation, the diaphragm 25 is configured
to produce sound waves or an acoustic signal in response to
a stimulus signal in the voice coil 26. That is, a modulated
stimulus signal in the voice coil 26 causes movement of the
center magnet 27, which is coupled to the diaphragm 25.
Movement of the diaphragm 25 creates the sound waves,
which propagate through an acoustic cavity 28 of acoustic
module 12 and eventually out acoustic port 16 to a region
external to the device. In some cases, the acoustic cavity 28
functions as an acoustical resonator having a shape and size
that is configured to amplify and/or dampen sound waves
produced by movement of diaphragm 25.

[0032] As shown in FIG. 3, the acoustic module 12 also
includes a yoke 29, connector elements 31, and a cavity wall
32. These elements provide the physical support of the
speaker elements. Additionally, the connector elements 31
and the cavity wall 32 together form the partially enclosed
acoustic cavity 28. The specific structural configuration of
FIG. 3 is not intended to be limiting. For example, in
alternative embodiments, the acoustic cavity may be formed
from additional components or may be formed from a single
component.
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[0033] The acoustic module 12 depicted in FIG. 3 is
provided as one example of a type of speaker acoustic
module. In other alternative implementations, the speaker
module may include different configurations for producing
and transmitting sound, including, for example, a vibrating
membrane, piezoelectric transducer, vibrating ribbon, or the
like. Additionally, in other alternative implementations, the
acoustic module may be a microphone acoustic module
having one or more elements for converting acoustic energy
into an electrical impulse. For example, the acoustic module
may alternatively include a piezoelectric microphone ele-
ment for producing a charge in response to acoustic energy
or sound.

[0034] As previously mentioned, because the acoustic port
16 connects the acoustic module 12 to the external environ-
ment, there is a possibility that liquid may accumulate or
infiltrate the interior of the module. In some cases, even with
the screen element 24 or other protective elements in place,
liquid may enter the acoustic cavity 28 of the module. For
example, if the device is immersed in a liquid or subjected
to a liquid under pressure, some liquid ingress may occur.
Additionally, naturally occurring moisture in the air may
condense and accumulate over time resulting in the presence
of liquid within the module. In such cases, the accumulation
of liquid in, for example, the acoustic cavity 28, may affect
the performance of the acoustic module 28 by changing the
acoustic dynamics of the cavity 28, diaphragm 25, or other
elements of the acoustic module 12.

[0035] Thus, in one embodiment, acoustic module 12 may
include one or more elements configured to inhibit the entry
of liquid into acoustic cavity 28 and facilitate the exit of any
liquid that does enter acoustic cavity 28. As shown in FIG.
3, protective screen 24 is located at opening 22 in the
acoustic cavity 28. In some embodiments, screen element 24
may be configured with one or more hydrophobic surfaces,
such as one or more hydrophobic coatings (such as manga-
nese oxide polystyrene, zinc oxide polystyrene, precipitated
calcium carbonate, carbon-nanotubes, silica nano-coating,
polytetrafluoroethylene, silicon, various flouropolymers,
and so on).

[0036] As shown in FIG. 3, acoustic module 12 may also
include a speaker formed from a diaphragm element 25 and
a voice coil 26. In cases where the acoustic module 12
includes a speaker, one or more acoustic energy pulses may
be applied to further facilitate expulsion of liquid from the
acoustic module 12. In one example, the acoustic energy
pulses may be generated at a frequency that is outside the
audible range of a human ear. A typical range of acoustic
frequencies that are audible to humans may be between 20
Hz and 20,000 Hz. Thus, the acoustic energy pulse(s) used
to help expel the liquid may be less than 20 Hz or greater
than 20,000 Hz. Generally, if an acoustic energy pulse is not
audible to humans, a user may be unaware when such an
acoustic pulse is being applied to remove liquid from the
acoustic cavity 28.

[0037] As shown in FIG. 3, acoustic module 12 may also
include one or more sensors 33. In some cases, sensor 33
may include a pressure sensor, an optical sensor, a moisture
sensor, a conductive sensor, or the like. Sensor 33 may either
directly or indirectly detect the presence of liquid in acoustic
cavity 28. For example, the sensor 33 may directly sense the
presence of liquid in acoustic cavity 28 by detecting a
change in optical, electrical, or moisture conditions as
compared to reference condition when acoustic cavity 28 is
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evacuated or empty. In another example, sensor 33 may be
an acoustic sensor and may indirectly detect the presence of
liquid in acoustic cavity 28 by detecting a tone or acoustic
pulse produced by the speaker or other acoustic element. In
general, the presence of a liquid may dampen or alter the
acoustic response of acoustic module 12. The acoustic
response may be measured using sensor 33 and compared to
a reference response to detect the presence of liquid in
acoustic cavity 28 or other portions of acoustic module 12.
In the example depicted in FIG. 3, sensor 33 is located
proximate to acoustic cavity 28. However, another type of
sensor may be used that is not proximate to acoustic cavity
28 or not located within acoustic module 12. For example,
a microphone element of a microphone module may be used
as a sensor, in some implementations.

[0038] Although portable electronic device 11 is illus-
trated and discussed as including controller unit 19 belong-
ing to portable electronic device 11, in some cases controller
19 may be integrated into acoustic module 12. For example,
in various implementations, acoustic module 12 may include
a variety of additional components such as a controller that
controls the speaker and other components to facilitate
expulsion of liquid from the acoustic cavity. Additionally,
although the examples provided above relate to an acoustic
module having a speaker, similar elements and techniques
could also be applied to an acoustic module having a
microphone.

[0039] As described above, the use of hydrophobic mesh
24 may inhibit the entry of liquid into acoustic chamber 28.
However, this same hydrophobic mesh may also inhibit the
removal of liquid from acoustic chamber 28. As described
above, the generation of acoustic energy pulses within
acoustic module 12 may aid in moving liquid toward hydro-
phobic mesh portion 24 and opening 22. However, the liquid
resistance provided by hydrophobic mesh 24 in FIG. 3 may
make the removal process more difficult, insofar as the
hydrophobic mesh may resist the expulsion of water there
through. Accordingly and in some embodiments, an external
surface of the screen element 24 may be configured to be
hydrophobic and an internal surface of the screen element
may be configured to be hydrophilic, such as utilizing one or
more hydrophobic and/or hydrophilic coatings (such as
polyethylene glycol and so on). Such hydrophobic external
surfaces may resist the passage of liquids through the screen
element from the external environment into the acoustic
cavity 28 whereas the hydrophilic internal surfaces may aid
the passage of liquids through the screen element from the
acoustic cavity 28 toward the external environment. That is,
the mesh may be manipulated such that the surface energy
on one side of the mesh may be hydrophobic while the
opposite side of the mesh may be more hydrophilic.

[0040] Referring to FIG. 4, a cross-sectional view of
acoustic module 12 as described in FIG. 3 depicting speaker
acoustic module 12 and speaker acoustic port 16 taken along
section A-A of FIG. 1. Speaker acoustic port 16 includes an
opening 22 that facilitates the transmission of audible sig-
nals from acoustic module 12 to the user’s ear. Orifice 22
through the housing 15 connects internal components of
acoustic module 12 with the external environment. In this
embodiment, screen 24 is replaced by a screen 34 having
both hydrophobic and hydrophilic properties. That is, screen
34 includes a hydrophobic outer portion 35 adjacent to
opening 36 and a hydrophilic inner portion 37 adjacent to the
interior of acoustic cavity 28. The addition of hydrophilic
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inner portion 37 attracts liquid from the interior of acoustic
cavity 28 and facilitates the removal of that liquid through
opening 36 in acoustic port 16.

[0041] In some cases, additional optional operations may
be performed to monitor the liquid removal process. For
example, in some cases, a tone or acoustic signal may be
generated by the speaker or other acoustic element of
acoustic module 12. Because the presence of liquid may
affect the acoustic response of acoustic module 12, the tone
or acoustic signal may indicate the presence or quantity of
liquid remaining in acoustic module 12. In one example,
acoustic sensor 33 (e.g., a microphone) may be used to
measure and quantify the tone or acoustic signal. The
measurement of the tone or acoustic signal produced by
acoustic module 12 may be compared to a known reference
measurement that represents the acoustic response of acous-
tic module 12 when dry. Based on the comparison between
the measured response and the reference measurement, the
presence of liquid can be detected, and/or the quantity of any
remaining liquid may be estimated.

[0042] Referring to FIG. 5, a perspective view of outer
screen portion 35 and inner screen portion 37 made of liquid
permeable material is shown. In one embodiment, outer
screen portion 35 may be made of fine mesh and thus
hydrophobic while inner screen portion 37 may be a coarse
or rough mesh and thus hydrophilic. Screen portions 35 and
37 may be laminated together to form a single unit. Liquid
may be moved by capillary action from the coarse inner
screen portion 37 to the fine mesh outer screen portion 35
thus facilitating its removal from acoustic chamber 28. In
general, in order to distinguish a fine mesh from a coarse
mesh, the size of the openings between the mesh (which may
be made of metal, nylon, or other synthetic materials) is
used.

[0043] Various types of mesh sizing may be employed.
For example, one example of mesh sizing is the US Standard
sizing chart. Another is the so-called Tyler equivalent chart.
For example, a #10 mesh Tyler Equivalent is identical to US
Standard No. 12 mesh. This mesh equates to a wire width of
approximately 0.8 mm and an opening size of approximately
1.7 mm. In general, the larger the mesh number, the smaller
the opening size so a #20 Tyler Equivalent (US Standard No.
20) has an opening size of about 0.85 mm or half that of the
#10 mesh (US Standard No. 12). In the present embodiment
inner screen portion 37 may have a lower mesh number
(larger sieve size) than outer screen portion 35 (smaller sieve
size) such that inner screen portion 37 is more hydrophilic
than outer screen portion 35 and conversely, outer screen
portion 35 is more hydrophobic than inner screen portion 37.
[0044] In another embodiment, as shown in FIG. 6, a
single mesh portion 38 made of a liquid permeable material
is shown with a hydrophobic outer side 39 and a hydrophilic
inner side 41. In this embodiment and as one example, mesh
portion 38 may be a nylon base material dipped in a
flouropolymer to increase its hydrophobicity. A plasma
etching process, such as an oxygen (0%) or argon (Ar) based
plasma etching, may be used to etch inner side 41 of mesh
portion 38 to make it more hydrophilic.

[0045] In certain embodiments, a hydrophilic layer such as
silicon dioxide (Si0%) or silicon nitride (SiN) may coat the
inner surface to further increase the hydrophilicity of inner
side 41.

[0046] The increase in the relative hydrophilicity may
increase wetting of inner side 41 and facilitate movement of
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the liquid away from acoustic cavity 28 as described above.
The hydrophilic layer may be deposited by physical vapor
deposition, as one example.

[0047] Additional techniques may be applied to assist with
the movement of the liquid. For example, if acoustic module
12 includes a speaker element, one or more acoustic energy
pulses may be generated to help to drive a portion of the
liquid toward one end of acoustic cavity 28 adjacent hydro-
philic inner side 41. The exact tone and/or energy of the
acoustic pulse may vary with the amount of liquid in the
cavity 28, which may be determined through operation of
the aforementioned sensor.

[0048] Referring to FIG. 7, a flow chart of a method for
removing liquid from acoustic chamber 28 in portable
electronic device 11 is illustrated. In operation 42 a screen
having a hydrophobic side and a hydrophilic side is manu-
factured. In operation 43, the screen is placed in an opening
of a portable electronic device such that said hydrophobic
side is adjacent the exterior of the portable electronic device
and the interior side is adjacent the acoustic chamber in the
portable electronic device. In operation 44, the portable
electronic device detects that liquid is present in the acoustic
chamber and in operation 45, the liquid is induced to move
toward the hydrophilic side of the screen so as to be
conducted to and through the hydrophilic side of the screen
and the hydrophobic side of the screen and into the opening
of the portable electronic device by wicking or capillary
action through the screen.

[0049] Referring to FIG. 8, a method for manufacturing a
cover for an acoustic module is shown. In operation 46 a
liquid permeable synthetic material, such as nylon, having a
first side and a second side is provided. In operation 47, the
liquid permeable material is coated with a hydrophobic
coating, examples of which include manganese oxide poly-
styrene, zinc oxide polystyrene, precipitated calcium car-
bonate, carbon-nanotubes, silica nano-coating, polytetra-
fluoroethylene, silicon, or wvarious flouropolymers. In
operation 48, in one embodiment, the hydrophobic coating
may be removed from one side by plasma etching such as an
oxygen or argon plasma process. In operation 49, the side
with the removed coating may be coated using physical
vapor deposition with a hydrophilic coating such as silicon
dioxide (Si0?), polyethylene glycol or silicon nitride (SiN*).
[0050] Referring to FIG. 9, an alternate embodiment of a
method for manufacturing a cover for an acoustic module is
illustrated. In operation 51, a first synthetic mesh material
such as nylon with a small mesh opening is provided. In
operation 52, in one embodiment, the first mesh material
may be coated by physical vapor deposition or other tech-
niques with a hydrophobic coating such as manganese oxide
polystyrene, zinc oxide polystyrene, precipitated calcium
carbonate, carbon-nanotubes, silica nano-coating, polytetra-
fluoroethylene, silicon, or various flouropolymers. In opera-
tion 53, a second synthetic mesh material having a second
size mesh opening smaller than the first size mesh opening
is provided. In operation 54, in one embodiment, the second
mesh material may be coated by physical vapor deposition
or other techniques with a hydrophilic coating such as
silicon dioxide (SiO?); polyethylene glycol; and silicon
nitride (SiN%). In operation 55, the first mesh material and
said second mesh material are laminated together to form the
cover.

[0051] It is believed that the present disclosure and many
of its attendant advantages will be understood by the fore-
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going description, and it will be apparent that various
changes may be made in the form, construction and arrange-
ment of the components without departing from the dis-
closed subject matter or without sacrificing all of its material
advantages. The form described is merely explanatory, and
it is the intention of the following claims to encompass and
include such changes.

[0052] While the present disclosure has been described
with reference to various embodiments, it will be understood
that these embodiments are illustrative and that the scope of
the disclosure is not limited to them. Many variations,
modifications, additions, and improvements are possible.
More generally, embodiments in accordance with the pres-
ent disclosure have been described in the context or par-
ticular embodiments. Functionality may be separated or
combined in blocks differently in various embodiments of
the disclosure or described with different terminology. These
and other variations, modifications, additions, and improve-
ments may fall within the scope of the disclosure as defined
in the claims that follow.

What is claimed is:

1. An acoustic module, comprising:

an acoustic chamber;

a port adjacent an external environment and the acoustic
chamber;

a semi-permeable barrier material disposed within the
acoustic chamber; and

an audio component disposed within the acoustic cham-
ber, the audio component being configured to emit
acoustic waves that move moisture toward and through
the semi-permeable barrier material and the port.

2. The acoustic module of claim 1, wherein the semi-

permeable barrier material is a synthetic mesh.

3. The acoustic module of claim 1, wherein the acoustic
waves comprise acoustic energy pulses.

4. The acoustic module of claim 1, further comprising:

a sensor configured to identify moisture within the acous-
tic chamber,

wherein the audio component is configured to emit acous-
tic waves in response to the sensor identifying moisture
within the acoustic chamber.

5. The acoustic module of claim 1, wherein the audio

component is a speaker.

6. The acoustic module of claim 1, wherein the audio
component is a microphone.

7. The acoustic module of claim 1, wherein a first side of
the semi-permeable membrane has a smaller opening size
than a second side of the semi-permeable membrane.

8. An electronic device, comprising:

a device housing defining both an interior volume and an
acoustic port extending through a wall of the device
housing;

a protective screen aligned with the acoustic port; and

an audio component disposed within the housing and
secured to a surface of the device housing that defines
the port, the audio component cooperating with the
device housing to enclose a volume of air between the
acoustic port and a diaphragm of the audio component,
the diaphragm being configured to generate acoustic
waves that move moisture towards and through the
protective screen.

9. The electronic device of claim 8, wherein a front face

of the diaphragm is oriented towards the acoustic port.
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10. The electronic device of claim 8, wherein a portion of
the audio component is sealed to the surface of the device
housing.

11. The electronic device of claim 8, wherein the protec-
tive screen comprises a synthetic mesh.

12. The electronic device of claim 8, wherein the protec-
tive screen comprises a layer of fine mesh and a layer of
coarse mesh.

13. The electronic device of claim 8, wherein the audio
component is configured to adjust the tone and/or energy of
the acoustic waves generated by the diaphragm in accor-
dance with an amount of liquid within the volume of air.

14. The electronic device of claim 8, wherein the volume
of air is isolated from the interior volume defined by the
device housing.

15. An electronic device, comprising:

a housing comprising an interior-facing surface defining

an interior volume;
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a speaker assembly disposed within the interior volume
and sealed to a portion of the interior facing surface that
defines an acoustic port, the speaker comprising a
diaphragm configured to generate acoustic waves that
bias liquid within the speaker assembly out of the
housing through the acoustic port.

16. The electronic device of claim 15, further comprising

a screen positioned between the acoustic port and the
speaker assembly.

17. The electronic device of claim 16, wherein the screen
comprises a plurality of layers of mesh laminated together.

18. The electronic device of claim 15, wherein a portion
of the speaker assembly is sealed to the housing.

19. The electronic device of claim 15, wherein the dia-
phragm is configured to play a tone that biases the liquid out
of the housing.

20. The electronic device of claim 15, further comprising
a sensor configured to detect liquid disposed within the
speaker assembly.



